Hepatocyte spheroids: prolonged hepatocyte viability for in vitro modeling of nongenotoxic carcinogenesis.
To explore peroxisome proliferator-perturbed hepatocyte growth regulation, robust in vitro models of liver are required. This has always posed a problem since isolated hepatocytes show a rapid loss of viability and differentiation status and cease to be useful after 3-4 days in culture. We now describe a model system in which rat hepatocytes are maintained as three-dimensional spheroids. The maintenance of hepatocyte viability and morphology in these cultures is considerably prolonged over that seen in monolayer culture and is comparable to that obtained by the use of collagen gels or dimethyl sulfoxide. The spheroid system is, however, free of any additives that may lead to artifact and free of excessive exogenous protein that may compromise subsequent analyses. Ultrastructural examination reveals extensive interhepatocyte junctional complexes and interdigitation of adjacent membranes together with the presence of bile cannalicular structures. Furthermore, hepatocytes maintained as spheroids retain expression of liver markers such as albumin and also retain their ability to respond to peroxisome proliferators: even after 12 days in culture, treatment with the peroxisome proliferator nafenopin causes a 4.5-fold increase in cytoplasmic volume fraction of peroxisomes. There is a concomitant induction of peroxisomal bifunctional enzyme and cytochrome P4504A, the enzyme markers associated with peroxisome proliferation. The spheroids also maintain expression of the peroxisome proliferator-activated receptor and preliminary data indicate that they are able to undergo replicative DNA synthesis in response to nafenopin. Hepatocyte spheroids will provide us with a model system for studying the early changes in rodent liver nongenotoxic carcinogenesis.